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Abstract

The toluene distillation and Karl Fischer
methods for determining the moisture con-
. tent of dried whole milk were compared.
In this study both methods were em-
ployed simultaneously with a single sam-
ple. The study also included norncompar-
ative data, i.e., analytical data obtained by
one or the other method. The data were
compared at four moisture ranges. In the
comparative study the statistical analysis
was between methods and operators. The
statistical analysis of the noncomparative
data was between moisture levels, for each
operator and method. The results of the
first comparison indicate that the mean
value by the Karl Fischer method was al-
most identical to that obtained by toluene
distillation. The statistical evaluation illus-
trated that the two methods do not have
the same precision, especially above 7%
moisture. From 0 to 7% moisture the tolu-
ene method is more precise, having con-
fidence limits (for duplicates) of =£0.130 to
0.199. The econfidence limits for Karl
Fischer -titration ranged from =:0.130 to
0.292. The results also indicate the exis-
tence of operator differences with both

methods.

In the development of the vacuum foam dry-
ing process for produeing whole milk powder,
a rapid and accurate method for determining the
moisture content of the product is essential. The
Dry Milk Institute (2) lists toluene distillation
as its official method. This method, however, has
certain disadvantages, e.g., the toluzne is flam-
mable, large samples (50 to 100 g) are required,
and special glassware is needed. The Dry Milk
Institute also lists the Karl Fischer titration as
a tentative method for determining moisture in
milk powders. Heinemann (4) ecompared these
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two methods for determining moisture and eon-
cluded that the Karl Fischer titration was satis-
factory, provided the samples contained less
than 209% moisture. He also indicated that the
direct titration technique gave satisfactory re-
sults. Heinemann, however, has only indicated
the numerical difference between values ob-
tained by each method. For this reason it was
thought advisable to study the Karl Fischer
method more extensively.

All the data were obtained by determining the
moisture content of numerous experimental
whole milk powders produced throughout a two-
year period. The comparative and noncompara-
tive studies were conducted. during the inves-
tigation period. In the comparative study the
toluene distillation and Karl Fischer titration
methods were employed simultaneously for de-
termining the moisture content of a single
powder. In the noncomparative study each
sample was analyzed by one or the other method.

Preliminary observations indicated that the
moisture level influenced the acecuracy of both
the Karl Fischer and the toluene determinations.
Therefore, the data were divided into four
ranges, with these ranges corresponding to the
usual moisture content of the milk powder as
sampled at four selected regions in the dryer.
Four operators carried out the moisture deter-
minations. The data were compared at the four
moisture ranges, between methods and between
operators.

Experimental Procedure

Apparatus. A Beckman KF-3 Aquameter’
equipped with duo platinum electrode (39032)
was used for all Karl Fischer titrations (5).
The burette assembly consisted of a 10-ml
pressure-filled automatic zero type burette, with
a valve-controlled delivery tip. Magnetic stirrers
were used for agitating the samples. The ac-
cepted toluene distillation apparatus (2), em-
ploying a 5-ml Bidwell-Sterling distilling
receiver® (3), was used for that determination.

Reagents. Karl Fischer Reagent stabilized,
single solution, was the titrant for that deter-
mination. Toluene and methanol were reagent
grade.

Procedure. Whole milk powders, produced by
the process of Aceto et al. (1), were used in this



study. All powders were passed through a 20-
mesh screen and placed in sealed jars. The milk
powders were analyzed by both methods on the
same day to minimize atmospheric moisture con-
tamination. Both toluene and Karl Fischer de-
terminations were done in duplicate.

Toluene distillation. From 20 to 50 g of milk
powder, to yield approximately 2 to 4 ml
H.0, were weighed into a 500-ml Erlenmeyer
flask having a 24/40 ground glass joint. Ap-
proximately 250 ml toluene was added and dis-
tillation carried out as deseribed (2). Values
are reported as per cent moisture on a wet basis.

Karl Fischer. Exactly 100 m]l methanol was
added to a 125-ml Erlenmeyer flask containing
from 1.0 to 3.0 g of milk powder. Constant agi-
tation for 1 hr with a magnetic stirrer facili-
tated extraction of water from the milk powder.
After allowing the powder to settle, a 10.0-ml
aliquot of the methanol extract was withdrawn
and placed in a 300-ml titration vessel. During
transfer of sample the vessel was continuously
purged with dry nitrogen to minimize atmo-
spheric moisture contamination. The amount of
K¥ reagent required to predry the diluting sol-
vent was determined daily. This constituted the
blank value for the methanol used and was sub-
tracted from all standard and sample titrations.
Also, a water-methanol standard containing 150
to 200 mg of water in a total volume of 100 ml
methanol was prepared daily. An aliquot con-
taining approximately 15 to 20 mg H,0 was
titrated to determine the Karl Fischer water
equivalent. The water equivalent value is ex-
pressed as mg H.O per ml Karl Fischer reagent.

Calculation.

(Sample Titer — Blank Titer) X
. (Water Equivalent) X 100
% Moisture =

‘Weight of Sample in Mg

Note: Water equivalent and blank titer were
determined daily.

Results and Discussion

Duplicate analyses permitted statistical evalu-
ation of the data by a One-Way Analysis of
Variance (ANOVA). For these data, the
ANOVA was applied to a particular treat-
ment—i.e., a group of data having in common
such factors as a specific method, moisture level,
and operator. These computations yield a within
treatment variance as well as a between treat-
ment variance. The former is a measure of the
repeatability of any set of duplicate analyses
within a single treatment. The between treatment
variance term, because of the extended range of
moistures covered (0 to 109%), was expected and
found to be very high and of little value in this

study. The within treatment variance terms,
however, are of great importance, in that the
relative precision of two treatments differing
in only one factor can be determined by calculat-
ing the T ratio of the two variances.

The data also were evaluated to determine the
relative bias between any two common treat-
ments—e.g., the two methods studied. In these
computations the grand means of the two treat-
ments being tested were compared by Student’s
“t” test.

The confidence limits betwen duplicates also
were calculated.

An IBM 1130 Computer® was employed for
all eomputations.

“t” Test. Presented first are the results of a
comparative study of the two analytical methods
(Table 1). To minimize the influence of mois-
ture content the data have been stratified accord-
ing to moisture range, and within each range
according to operator and method. All four op-
erators accumulated data in the 0 to 49, mois-
ture range, while only one operator had com-
parative data in the 7% and over ranges. Three
of the four obtained results at the 4 to 79 level.
The mean value for each set of data was calcu-
lated, then compared statistically, using a “t”
test. The comparisons were between methods at
each moisture level and for each operator. The
results show no significant difference between
the mean values, indicating that both methods
are equally reliable for determining the moisture
content of whole milk powders. This held true
for each operator and within each moisture
range. The precision of the two methods, how-
ever, was found to vary somewhat.

Measure of precision. The precision of two
sets of measurements can be compared by cal-
culating the ratio of their variances. Thus, the
two within group variances between methods
were compared. The comparisons were made for
each operator and at each moisture level. Known
as the F ratio, this calculation shows (Table 1)
that in all but one case (up to 7% moisture) no
significant difference in the precision of each
method was found. In the single exception, the
toluene distillation was the more precise method.
Above 79, moisture, significant differences were
observed, with the Karl Fischer titration being
more precise from 7 to 109, H,0, and the distil-
lation method giving better results over 109
H.0. Tt should be noted, however, that this con-
clusion is based on the results obtained with only
one operator, thus preventing any between op-
erator comparisons at these higher moisture

levels.

A noncomparative study—i.e., each sample

was analyzed by one or the other method—also



TABLE 1
Comparative data for both methods

“F” ratio

Moisture Method of No. of Grand “t” Test (within group
range Operator analysis  observations mean (%) (grand mean)  variance)
0-4% " o o 3,88 ] 0.803 2.36*

S T
oW m ) e
2w B ] w w
1% 4 L b i:gg] 0.251 1.01
I
coomo % W em s
-10% g = 5 S ] 0.412 3.34%
>10% P Tel o 1 ] 1.06 10.33%*

* Significant (P = 0.05).
** Highly significant.

was undertaken. These data, Tables 2 and 3, were
utilized to determine more precisely the within
treatment variance. The T ratio coraparing ad-
jacent moisture ranges is presented for each
operator. The results illustrate that for each
method all but one operator showed no signifi-
cant difference in precision between the 0 to 4

and 4 to 7% range. Above 7% moisture, sig-
nificant differences were observed. Inasmuch as
not all operators tested samples in all moisture
ranges, the statistical analysis was not carried
any further. From this it is concluded that
stratification of data below the 7% moisture
level is unnecessary. Above this level, however,

TABLE 2
Within group variance for each operator, between moisture ranges: The Karl Fischer method
Confidence limits ‘Within group
Moisture Degrees of for duplicates mean squares “F”
Operator range (%) freedom® P =10.05 X 1072 ratio
A 0-4 28 +0.220 2.305 | — 1.24
4-7 46 0.194 1.862 6.06*
7-10 11 0.521 11.275 ] —1.02
>10 23 0.497 11.525
B 0-4 80 0.149 1.124 1.28
4-7 41 0.178 1.553 1.38
7-10 30 0.235 2.640 —2.32%
>10 124 0.346 6.120
C 0-4 58 0.133 0.883 | —————1.56 -
i 4-7 28 0.170 1.381) | ——1.08
7-10 15 0.184 1.496 ] 26.56%*
>10 11 0.979 39.722 )
D 0-4 68 0.167 1.403 2.99%
4-7 44 0.292 4.199 —_2.31%
7-10 18 0.463 9.693 | —1.27
>10 42 0.500 12.262

2 Degrees of freedom = number of observations + 2.

* Signifieant (P = 0.05).
** Highly significant (P = 0.05).



TABLE 3
‘Within group varianee for each operator, between moisture ranges: Toluene distillation method

Confidence limits ‘Within group s
Moisture Degrees of for duplicates mean squares F
Operator range (%) freedom® P=0.05 X 1072 ratio
A 0-4 12 +0.192 1.560 ] 1.73
4-7 23 0.139 0.902
B 0-4 ‘80 0.154 1.205 1.19
4-7 41 0.171 1.436
C 0-4 ' 58 0.130 0.847] —2.22%
4-7 28 0.199 1.880 —2.65%
7-10 15 0.337 4.990 ] —F1.30
>10 11 0.305 3.845

* Degrees of freedom = number of observations < 2. .

* Qignificant.

the precision of duplicate determinations be-
comes somewhat poorer, thereby necessitating
stratification to minimize the effect of the mois-
ture content on the confidence limits of dupli-
cates.

Confidence lLimits. By utilizing the within
group variance (mean square value) and the ap-
propriate “t” value, the econfidence limits for
any number of replicates may be calculated.
Duplicate analyses were run in this study; eon-
sequently;-the confidence limits for duplicates
were determined. These data (Tables 2 and 3)
show the effect of moisture level on the con-
fidence limits. With the toluene method (0 to
7% moisture) the confidence limits are confined
to a relatively narrow range (==0.130 to 0.199.).
The Karl Fischer titration shows somewhat
greater limits (+0.130 to 0.292). Although this
suggests that the toluene method has somewhat
less difference between duplicates, the other
statistical comparisons indicate that the methods
are equally reliable for estimating the moisture
content of whole milk powders: Above the 7%
moisture level, a significant difference in the con-
fidence limits was found for each operator. The
Karl Fischer method appears to be the more in-
accurate of the two in the higher moisture
ranges. However, this may be due to lack of
sufficient data for the toluene method in the
higher moisture ranges.

The within group mean square values were
also used to compare operator differences for
each moisture range and method. The results

indicate the existence of operator differences
with both methods.

In conclusion, it can he seen that moisture
values determined by Karl Fischer titration es-
sentially duplicated the results obtained with
the toluene distillation. Both methods are com-
parable in precision in the 0 to 79 moisture
range. Above 79, differences are found for both
methods, with the Karl Fischer method appear-
ing to be less precise.
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